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AN INVESTIGATION OF COMPACT RADIO EMISSION SOURCES
AT A WAVELENGTH OF 3.55 cm

D. D. Broderick, L. D. Jones, V. L. Efanov,
K. I. Kellermann, B. G. Clark, L. R. Kogan,
V. I. Kostenko, M. N. Cohen, L. I. Matveyenko
and I. G. Moiseyev

Unusually active and rapidly varying processes accompanying
the liberation of a gigantic amount of energy are encountered in
a number of cosmic radic emission sources such as the quasars
and the nuclel of radio galaxies. This energy is partially
transformed into energy of relativistic particles. The relati-
visltic electrons are de-excited in magnetic fields and produce

powerful radlio emission, which permits us to "see" these objects.

The energies required to maintain the observed emission are very
large. The problem of the origin of this energy and the mechan-
ism for 1ts conversion into relativistic particles is one of the
fundamental problems of contemporary astrophysics. The Iinvesti-
gatlon of the physical processes taking place in these objects
and the dynamics of their development is assocciated first of all
with the study of their spatial structure. But the angular
dimensions of the individual components are unusually small, of
the order of one millisecond of arc, and significantly less in

a number of cases. Measurements of details of such small dimen-
sions have become possible only in recent years, due to the
development of the technique of long-distance interferometry.

#The numbers 1in the margin Indicate pagination of the
original forelgn text.
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Such investigations were carried out by American and Soviet
radloastronomers in 1969 at wavelengths of 6 and 2.8 em [1, 4].
The results of these observations have shown that quasars and the
nuclei of galaxies have very complex structuresJ In a number of
cases, individual components were not resolved because of an /4

Y

inadequate basellne or due to insufficient sensitivity.

On June 24 - 26, 1971, Soviet-American interferometric obser-
vations were carried out on the compact components of quasars and
the nuclei of galaxies with the maximum possible baseline under
terrestrial conditions at the wavelength of 3.55 cm [3].

The measurements were taken simultaneously with the three
radio telescopes: the 22-meter radiotelescope of the Crimean
Astrophysical Observatory (KAO of USSR Academy of Sciences) at
Simels, the L2-meter radiotelescope of the National Radio Astro-
nomy Observatory (NRAO) at Green Bank (USA), and the 64-meter
radiotelescope of the Deep-Space Network Center of NASA at
Goldstone (USA). The limiting angular resolution under terres-
trial conditions was achleved at a wavelength of 3.55 ¢m on the
Simeis-Goldstone baseline, which is equal to 270+10° A, The width
of an interference fringe was equal to 0".00074, The widths of
the fringes on the Simeis-Green Bank and the Green Bank-Goldstone
baselines were 0".0009 and 0".002, respectively. A hydrogen
frequency standard was used at Goldstone, and a rubidium frequency
standard was used at Simeis and at Green Bank.

The tying-in of the time on the radiotelescopes at the start
of the observations was accompllished by transporting operating
rubidium c¢locks, and a relative check of the time from day to day
was accomplished by means of signals from the Loran C navigatlonal
system. Masers were applied with the radlotelescopes at Simels
and at Goldstone, and a parametrlc amplifier was used at Green
Bank.
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The new Mark II radlo interferometry equipment developed at
NRAO (USA) was first used with all three radiotelescopes. The
received signals were recorded in digital form on a video magnetic
tape at a frequency of L4+<10% times per second. The magnetic tapes
with notations were reduced at Green Bank on a special computer.

Sources were lncluded in the observational program which /5
have compact components at longer wavelengths [1, Y4, 5] or which
have peculiarities in thelr spectra at high frequencies and
assumed fluxes of the components exceeding the calculated sensi-
tivity., The fluctuation sensitivity of the radio infterferometer
on the Simeis-Goldstone, Simeis-Green Bank, and the Green Bank-
Goldstone baselines was equal to 0.1, 0.35, and 0.08 flux units,
respectively.

One of the main difficulties in radio interferometric inves-
tigations is the calibration of the instrument. This difficulty
arises for a radio interferometer having 1imiting angular resolu-
tion in connectlon with the absence of callbrated "polnt™ radio
sources., Analysis of the results of the present observations
has shown that the radio source 0J287 can be adopted as such a
source., The amplitude of the interference fringes from this
source was l1dentical for all three baselines and did not depend
on the hour angle. The defermination of the size of the inter-
ference fringes' amplitude was carried out on the basis of the
internal noises of the system. The noise temperatures of the
radiotelescopes were carefully meagsured at various elevation
angles and azimuths. The fluxes of the remalning radio sources
were determined with respect to the flux of 0J287. Then correc-
tions were taken into account for variation of the nolise texture
and the effective antenna area as a functlion of elevation angle
and azimuth. The calibration error evidently results in a change
in the correlated components of the sources being investigated



once or a number of times. An estimate of thls systematic error
shows that it does not exceed 10% (maximum value).

The accidental errors are produced by the following causes:

1. System noises. The mean square error in this case, as
was pointed out above, equalled| 0.1, 0.35, and 0.08 f.u. for the
three different baselines. It increased to 20 - 50% for strong /6
radio sources and at low elevatlon angles.

2. Instability of the heterodynes. The time of coherent
accumulation was selected smaller than the maximum achievable time
of averaging for the rubidium standards used in the experiment
[6] and equaled ~20 seconds. Due to this circumstance a decrease
in the amplitude of the fringes because of I1Instability of the
heterodynes is negligibly small. This defect can be neglected
even more when the hydrogen frequency standard is used.

3. Relative error in determining the system noise tempera-

ture. This error does not exceed 3%.
Results of the Observations

The results of the observations of compact components of
radio sources are gilven in Table 1. In the first column of the
tagble are indicated the nomenclature of the source, the size of
1ts total flux Fo in flux units (1 f.u. = 10 %% watts/m?® Hz) and
red shift z; in the second column, the baseline; in the third
column, the time of the source observation on the UT scale; 1in
the fourth and fifth columns, the proJections of the baseline on
the U and V axes 1n millions of wavelengths; in the sixth column,
the correlated component of the flux Fk in flux units; and in

the seventh column, the visibility function v.
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TABLE 1 ¥
Source Baseline UT U 5 F Y Remarks
1 2 3 Y 5 6 7 8
: , .
oJ‘ 287 68-CR 15 06 217 -9 | 3,440,6. o,smioﬂxsj
g Gsr-cR 17 42 265 29 3,650,4 |1,040,11 |
o GsT-68 17 41 55 -17 | 3,6:0,4 |1,040,11 |
R 103 G&-6GST 23 36 54,3 =6.2f 2,8:0,4]0,9130,13
Fe3,0 68-6R 23.34 217 I3 <24 |[<0,8
GST-co 23 33 266 22 | 2,340,3 }0,7740,1
i 290 68-65n 1719 30 30 f.2,140,3 | 1,17:0,22
Fi18 18 40| | 58,2 23,5 1 1,9:0,3 [1,08:0,15
GR-CQ 16 53 225 5 2,4 <1,3
£sicQ I?7 13 || 253 ~15 1,0+0,2 |0,56+0,14
1640 )| 265 27 0,8£0,2 |0,4740,Ib
00208 Ge-6sr 4T 471| 36,6 | -33,6 | 2,040,3 [0,6040,12
F=25 21 590 40,9 -32,6 | 2,240,4 }0,8840,1I6
. £ .
<00 6B -cr 21 62 || 22,3 29 <2,4 |<0,%
Gor-ce 2T 53 || 282 -4 % 0,7540,2| 0,3040,08
VRO 422201 ¢8- 65T B I4 79,8 24,2 [12,941,56 0,49640,11
B LAC 8 30 8,8 -20,4 (I2,5+1,3 [0,93:0,10
Fei30 Baz|| w7 -17,4 || 11,941,2-|0,63:0,09
Gd-CR 2.531| 188 =15 W 12,241,56 {0,9040,12
207| Ies ~5i |[12,321,7 | 0,4140,13
4.08 || 215 -84 112,841,7 [0,9540,13
3 mf 218 ~26  §13,9+1,8 [ 1,0940,13
531 ) 221 ~19  ¥I3,I4I,7 ) 0,9746,13
142 || zes| | -2 13,1:1,7 | 0,9740,15
| i : i Z
453 || 224 -5 iIE,GtI,G 0,9340,12
|

¥Commas represent decimal polnts.




TABLE 1

(Continued)}
~ Source Baseline UT U v Fk Y Remarks
5 12 2o () 8 | 13,041,5] 0,9640,12
523 || 2| 14 | 12,541,6}0,93:0,12
537 | wes||oza | 1,91,5)0,890,1I
5 47 222 || 31 | 11,641,51 0,8640,11
5 56 ez || a7 || 12,0:0,8 0,5150,12
703 | Ww 81 8,0+1,4 |} 0,590,710
713 195 || s 7,8:1,2 | 0,5640,09
8 13 161 | | 116 || §,74I.I| 5,5040,08
8 25 152 | | 182 || 7,04I,2 ] 0,5240,09
833 || 17| 125 || 4710, | 0,3540,07
68 1-CR 6 20 265 6 {|11,9:I,3} 0,89+0,10
8 25 265 10 ||12,247,3 | 0,9040,10
6 51 266 I5 ||12,94[,4(0,9650,10
6 36 265 19 | |12,3:1,3 ] 0,91:0,10
§ 41 265 23 | |11,741,3 ] 0,86:0,10
646 | | 265 27| |10,7:1,2 | 0,79+0,09
6 52 265 30 | {11,441,3 |.0,8540,10
657 | | 264 || 35 ||11,641,3 0,8640,10
i 700 | | 264 | 87 !|m,140,27 0,6250,09
| 8 I4 240 % | 6,130,7 | 0,510,065
‘ 8 19 237 96 7,040,8 | 0,5240,06
8 24 235 | | 100 | | 6,7:0,8 | 0,50+0,06
829 | | 232 103 5,640,7 | 0,410,085
k150 68-657) 94 ~8,7) |~65,6 || 8.629.7|| 0,83.0,04| | o+ u
Feing 10 43 11,8 |-o5,2 || 800,81 0,90, 11%'kof the
17 23 34,1 l-s1,0 |]7,20,6] 0,c8.0,00 |f1ux 1s
12 14 | 45,8 |~55,3 || 8,9:0,0 I,0050,T i?‘ia%-z‘f’.
I4 06 7,3 |-30,4 | 7,310,8]1.0,6240,09 [They refer
1025 | w35 (-2l || Go0,7]| 0,040,04 |FO compons
14 24 85,7 |-19,7 ||€.T40,7 0,6:2:0,08 ggg:ege;t
T4 56 67,3 |-18,2 '| 6.10.7]) 0,6050,04 |all our
baselines.




TABLE 1

(Continued})
Source Baseline UT U Voo F ¥ Remarks
| -
bk 932 | 20| -&7 2,4 | <0,
| 9 a2 209 || -57 2,4 | <029
‘ 1043 . ! ozzal] -1 <2,1 | cum
L2 | 225 25 | <24 | <0,27
| 12 15, | 217 57 <2,4 | <027
mos 1o20s(| st | <m0z
T4 238 138 147 jl <24 4 20,27
| _ i | .
GsT-CR 9 44 200 || -122 | 2,2¢0,3[0,2550,03
041 | 239" 7. | 0,6 | <0.,07
1I 33 269 |, -84 | 1,1.0,20,12.0,02
12 14 265 2 1,350,2 |0,1540,02
It 06 240 |, 59 | 1,540,310,1740,03
14 41 220 || T2 1,540,3]0,16+0,03
3¢ 345 66l 23 59§29 |l -50 v,2al | 1,080,007 @
ZL”; ' 00 1z §32,7 || -48,9 | €0:0,5)0,98.0,10{| 12% of the
' 0031 {357 || 46,9 | t.6:0,5]0,95.0,10/] FLUE = 1.2
, =7 f.u. They
| 040 Jan3 | -ws | 7,000,900 00 | pefer to
| o35 | ea) | -l | 7,30,9 J0,600,10]| SOMPONENTS
1 ot e | |ez,8 | 26,9 | 7,000,8(0,76:0,00 Zisgl‘{ewr
; | . o ' baselines.
63-CR! 21 12 | 162 | -8 3,9:0,8 | 0,44 40,08
crae| Vrex | m 3,240,8 |0,4400,09
2 05| 199 | 57 | | 2.240,9(0,4620,10
w2 40 ECIRE 3,340, 0,:36;;_0,08
22 48| | 25| | -2 3,4:0,7 |©,3840,08
23 85| | 225 12 4,2+0,90,46+0, 10
00 03| 228 1y 4,240,9]0,45+0,10
00 29| | 223 33 3.7__{0,&;:0,41@,09
| G0 39, | et 40 4,1£0,9}0,4540,10

Reproduced from

best available copy. §
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TABLE 1

(Continued)
Source | Baseline uT U v F, Y Remarks
00 17| | 228 26 | 410,9] 0,45:0,10]
6 46 | 219 a5 || 1,740,9] ¢,5240,10
OL 0T || 216{| 53 | 4,2:0,9) 0,46:0,10
OI 11| | 212 59 || 4,210,9, 0,46:0,10
0f 22, | 209 65 | 3.0:0,8) 0,490,09
0r 33| | 204 2 | 3,79,8 0, 415,09
| 0I 44 200 79 | 4,541,0 0,50;0,11
| serce 2356 | | 252 | -8B || 3,4:0,5] 0,38:0,06
. 00 10| i 257 || -27 | 8,410,5 0,38:0,06
| o1 03| | a6 1T i 2,30,4] 0,25:0,05
01 14| | 266 20 | 2,350,4!] 0,25:0,05
of 24| | 265 27 |i 2,640,5. 0,29+0,06
01 35| | 264 35 11 2,540,5] 0,27:0,06
01 45| | 263 42 (] 2.640,5 0,2950,06/ |
403925 GET -G 15 80 6,8( | -5I,7 )IQ,9:1,5 fo,%gum {[
;;f;) & i6 i 18,0 | -s0,7 | 9,541,5 ;‘U,&'slo,m 5,
* 1810 { 58,0| | -38,8 | 8,541,50,78:0,74
GB-CR 1348) {163 | | ~80 | 3,3:0,8] 0,3:0,07
108 | 1% | | <98 | 4,750,9! 0,43:0,00
521, | 212 | | -38 |=2,60,7]0,25:0,06
1547 L 220 | | w21 4.1%0,9 0,3710,08
1557 | 222 | | -I4 | 4.440,9}0,4040,08 !
1609) | 224 | | -8 | 4,140,9] 1,370,008
16 20 | 225 -1 3,7,{0,3’;‘0,3.&0. 7
16-27| | 225 4 |3,8:0,9)0,36:0,08
18 09| | 208 66 | 3.740,8]0, 314,07 '
1817| | 208 1 4,740,9{0,43:0 Ot |
GhT-CR 1605, (236 | | <60 | <0.,8 [ <007 ‘
| 16 03] | 265 28 | 1,1:0,2]0,1:0,02
| wiol lasi | | % te08 10,07 J




TABLE 1

{Continued)
Source Baseline 1 uT U | vV ¥ Y Remarks
-~ — |

3084 657 4 l 924/l -1 | -sa,8 | 12,30L,6 0,2940,04
Fe425 ' 10 14' ‘ 18,9) | -53,5 || 15,601,9[0,37,0,06
oo | 1059 | 36,1 | -49,9|| 17,9:2,3 |0,1240,05
L ITI6) | 42,2| | -4e || 18,642,610,4450,06
o 20! | a0 | -1m,8 || 18,82,6 0.,4440,06
II 54!, 85,0 =12, (| 18,b42,6 [0, 4440 ,06
| 12 43 | 66,5 1 05,8 17.952,5 |0,42:0,08

F8-CR C B2 197 52 - 3,0 < {1,007
; Ly 134 211 I IR B
| 1' 4 .-"1) 2.1',6'5 SR RN SR PRV TNIK:
09 54 || 222 -I6 3,6¢1,0 10,08:0,02
10 3] 225 -2 || a.661,0 |0,08:0,02

11 08 || 222 T I 0,07
11 52 || 212 62 | | 3,1:0,9 | 0,0740,02

12 35 | 194 86 3 0,07
GST-CR 9 24| 215 -85 | | 1,740,4 }0,0440,01
10 12|} 2437 | -56 | | 2,5:0,6 | 0,0640,01
I 05 |{ 261 || =16 | | 3,240,6 | 0,07:0,0I
17| 263 | v 2,6:0,5 | 0,0640,01
IT 55| 265 |1 201 | 2,4:0,5 | 0,0640,01
| 1232 || 281 |} s0 1,8:0,4 0,0440,01
30273 68-GST 20 41| 48 || 45 | 18,9422 | 0,61:0,07
F=49 | 20491 50,6/ | 4,6 | | 716,142 | 0,5240,06
24158 . ‘ 20 56| 52,9| - 4,6 | | 13,641,8 | 0,4450,06




TABLE 1

N (Continued)
Source Baseline UT U v Fk Y Remarks
6B-CR 18 4r|| 217 12 ; 4,1+1,0 {0,13+0,03
| 19 11 223 I3 | 4,7:1,00,1540,03
CR-GST 20 43 265 21 | 8,641,2(0,2840,04
20 54 265 21 | 8,741,20,2840,04
20 59 266 22 8,7+1,2 ||0,28+:0,04
3}?;i? G57-68 13 01 52,8 0,6 | 4,3:0,6 0,5640,08
(053 7B-CR 11 28 225 12 <2,5 <0,33 -
B §ST-CR I3 0L || 366 2l || 1,640,4/0,2140,05
igf;? GST-GR 20 22 40,5 -10,6 I,6£0.4 ‘ '
2200041 21 20 60,0 (| -7,6 || I,860,4
GB-CR 19 47 224 16 <25
6ST-CR. 21 20 262 Iz <0,8

[Commas indicate decimal points; GB — Green Bank; CR —
Crimean; GST — Goldstone. ]

The total flux densities on the day of the observations

were determined from the antenna temperature of the radiotelescope

at Goldstone and compared with the results [7]. The source 3C2T7H4,

whose radlo emission flux density does not vary with time [7],

was adopted as the reference source. The results of the compari-

son are shown in Figure 1.

The brightness distributions were calculated on the basis
Several models were c¢on-

of the observational results obtained.
sidered for each source, including ellipses with uniform and

Gaussian brightness distributions for different dimensions and
orientation of the axes, two- and three-component models with

different ratios of the component flux densities, distances

10
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o RV T Wy

Flgure 1. Dependence of the antenna temperature on the radio
emisaion flux density.

between the components, and position angles. Plots of the
visibility functlions of the models giving the best agreement
with the experimental points are given in Figure 2 for some of
the sources. The visibility functions are plotted along the
ordinate, and the hour angles of the interferometer, figured
from its meridian, are plotted along the abscissa on the three
graphs corresponding to the three baselines. Photographs of
the projections of the baseline vectors onto the U - V plane
cf the source are shown in the upper right-hand corner. The
arrow indicates the directlon of increasing hour angle. The
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Figure 2. Visibility functions of the radic sources.

At the upper right are shown the projections of the three
baselines on the source plane. The gquantities U and V are
plotfed in millions of wavelengths. On the left are given
the models of the radlo sources which give the best agreement
with the experimental results.

a — VRO 422201; b — NRAO 150; ¢ — 3C345:; d — 4C3925;
e — 3C84,

models themselves are given on the left side in these figures.
The dimensions for ellipses with the Gausslan distrlbution are
given in cross section at the %E‘:Qédlevel.

The computations were carried out on the BESM-4 computer
of the USSR Acadenmy of Sciences Institute of Space Research.
The structures of/the compact components of the investigated
sources derived as a result of these calculations are presented

below.

14



Figure 3. Spectra of the radio sources.

Frequency in Gegahertz is plotted along the horizontal axis,
and the flux density in units of f.u. is plotted along the
vertical axis.

1. 0J287

The radio source 0J287 has been identified with an optically
visible obJeet [8] — a quasar. Very active processes are
cceurring in 1t, which cause a rapid variability of its emission
both in the coptical region and in the radioc region. The flux
from this source varies in a number of cases in the course of a
few days (Figure #) [9, 10], which indicates/the presence in it
of components of exceedingly small angular dimensions. The spec~
trum of 0J287 is not known exactly, but it can be represented
approximately in the form of Flgure 5. Assuming the synchrotron /1h
mechanism for the emission, one can distinguish two components
A and B (indicated by a dashed line) in the spectrum. In this
case the angular dimensions 6 of the source are determined by the
following relationship [13]:

p ’ 50 14
ge 4 10 4y F iyt (a) | (1)

15



} ‘ - where 8 1s in seconds of

{ arc, F is the magnitude of
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Figure 4. Variation of the flux tlon at a frequency of about
of the source 0J287 1970-1971. 1 GHz., The flux density at

The day of the observations, . .
June 25, 1971, is denoted by this frequency is approxi
an arrow. mately 1.5 f.u. We will

subsequently assume the
strength of the magnetic field to be ~10™* cersteds. It follows
from Equation (1) that the dimensions of component A are approxi-
mately equal to ~0".002. The contribution by this component to
the radic emission at the wavelength of 3.55 cm does not exceed
0.4 f.u., as is evident from Figure 5. Component B is younger,
the point of inflecfion in its spectrum is encountered at milli-
meter wavelengths, and the maximum value of the flux density is
~10 f.u. In this case the angular dimensions of component B
should be no more than 0".00003. As is evident from Figure I,
the flux density at wavelengths of 2.8 and 4.5 em has! increased
significantly from the middle of 1970. One can assume that up
to the moment of observations the spectrum of component B was
shifted in the direction of lower frequencies (dot-dashed curve
in Figure 5), whereupon its angular dimensions should be no greater
than 0".00015, in agreement with Equation (1). The flux density
of its radic emission at a wavelength of 3.55 cm was approximately
3.6 f.u. at the time of the observation. As is evident from
Table 1, the source 0J287 has an ldentical correlated flux com-
ponent at all three baselines, l.e., it remained unresolved even
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Figure 5. Spectrum of the radio flux 0J287 plotted on the
basis of the following data:
x - 28] , o ~ [ir], a- [}, v - {9} ﬁ
e [5_!. ’ . .
at the maximum baseline (Dmax = 270-10511), and consequently,
its dimensions do not exceed 0".00025. This result corresponds
to the size of component B. Component A is resolved even from
the minimum baseline of Goldstone-Green Bank, notwithstanding
the fact that its contribution to the radic emission is small.

The present result corresponds to an estimate of its angular
dimension based on the source spectrum and refines the experi-
mental results at a nearby wavelength [5]. The brightness
temperature of component B exceeds 2+10'% ° X,
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24 OR103

This radioc scurce is evidently a quasar. The flux density
of its radioc emisslon does not vary significantly [7]. It is not
resolved on the Green Bank-Goldstone baseline, and the visibllity
function decreases to y = 0.77 on the Goldstone-Crimea baseline,
from which it follows that its size is equal to 0".00034 on the
assumption of a uniform disc. In this case the brightness tem-
perature is equal to T, = 6+10'' ° K. 1Its size is 6 < 0".0009

at a wavelength 3.8 em [5].
3. QK290

This source is evidently a quasar. Its flux density was
practically constant in 1971 [7]. It was not resolved on the

Goldstone~Green Bank baseline, and y = 0.56 and 0.47 were obtained

on the Goldstone-Crimea baseline for D/X = 254+10° and D/X =
266+10°%, which corresponds to a circular disc with a diameter of
0".0005 and T, = 1.5+10!! © K. The present result refines a
conclusion drawn in the reference [5], in which an upper limit
to the source angular slze was derlved at a nearby wavelength

(A = 3.8 ecm) to be 6 < 0".0008.
4, 0Q208

This source (a Seyfert galaxy) has a spectrum with a dis-
continuity at the frequency ~5 GHz [27]. The flux density at
this frequency is equal to 3 f.u. It follows from Eguation (1)
that there is in this source a compact component wlth dimensions
_fO".0003. The experimental results of thils paper correspond to
a model in the form of a circular disc wlth a diameter of 0".,0018
(Z = 2.8Y4 pe), 1ts flux equal to 1.5 f.u., and a nucleus with

18
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dimensions < 0".00025 (7 = 0.38 pc) with a flux of 1 f.u. This
model agrees well with the value y = 0.64 derived from the
Goldstone-Haystack interferometer with D/X = 71-10% (A = 3.8) [5].
The brightness temperature of the disc is equal to 10!'°% © X and
exceeds 3+10'! © K in the nucleus.

5. VRO42.22.01 (BL Lac)

Powerful explosive processes resulting in a rapid varlation
of its radio emission intensity occur in this object {(a compact
galaxy) [7, 1417.

The rapid variability of this source (Figure 6) [7, 141,
and also the spectrum which rises right up to the millimeter waves
(Figure 3) [15]), is due to the high activity and must be associ-
ated with a rather complex structure and the existence of compact
compenents of exceedingly small angular dimensions.

The experimental data on this source (Figure 2a) show a
noticeable variation of the visibility function as a function of
the hour angle for the Goldstone-Crimea and Green Bank-Crimea
baselines, while at the same time the length of the baseline
projection onto the U-V plane is practically unchanged. This
¢ircumstance indicates the extended nature of the source. The
experimental values of the visibility function are fitted best
by a double structure with a distance between components of
0".0005 and a position angle of 185° or by an elliptical disc
with a Gaussian brightness distribution of the same orientation
and with dimensions of its axes 0".002 x 0".0005.
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Figure 6. Variation of the flux of radio source VR0O42.22.01 in
1969-1971. The day of the observations, June 25, 1971, is
denoted by an arrow.

The rise in the source spectrum right up to millimeter
wavelengths indicates the presence of bright components whose
angular dimensions do not exceed 0".0001. Simultaneously, a
second model for explaining the cbserved value of the flux in
the millimeter wave region within the framework of the synchrotron
theory (see Equation (1)) requires a magnetic field with a
strength of ~10 oersteds, which is improbable. Therefore, the
most preferable model 1s one consisting of two point components.

In PFebruary of 1971, the distance between the components
in thls socurce was equal to 0".0009, and the position angle was
approximately the same [5], 1.e., during the intervening time a
"drawlng together" of the components from 0".0009 to 0".0005
occurred. It is difficult to assume the reality of such a
drawing together. It is more probable that a "change" in the
distance is assoclated with the appearance during the indicated
time of a third component or with a significant increase in its
brightness. In May of 1971, an abrupt increase actually occurred
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in the flux at centimeter wavelengths [7, 14], which can be
explained by the formation of a new bright compact component.

As follows from Figure 6, the flux of thils component at a
wavelength of 3.55 cm was about 5 - 7 f.u. at the time of the
observation,| (The flux of this component can be found by assuming
that it is equal to the increase in the total flux of BL Lac
relative to the minimum level of April 20, which preceded the
outburst.) It 1s natural to suppose that this position corres-
ponds to the active nucleus of the galaxy, and the two older
cormponents are located symmetrically with respect to this center| /18
at a distance of 0".00085 from each other and each has a flux]|
of 3.4 f.u.

Such a three-component model agrees well, as is evident
from Figure 2a, with the data obtained on all three baselines.
Since the dimensions of the components do not exceed 0".0002,

Tpp 2 2.510'%2 © X in the central component and Tor 2 1.25+1012 ¢ g

in the outer components.
6. NRAQ-150

This source has not been identified with any kind of optical
object. It has a rather complex spectrum (Flgure 3) in which
three components can be distinguished [19]. In 1971 this source
flux density at centimeter wavelengths did not undergo any rapid
varlations, and only a small rise was observed [7].

The angular dimensions of its components calculated on the
basis of its spectrum [Equation (1)] are egual to BB = Q".012

and 6, = 0",0003. The emission of component C dominates at

C
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the wavelength of 3.55 em. The experimental results are given in|
Filgure 2b. The dependence of the visibillity function on hour
angle for the Goldstone-Green Bank and Goldstone-Crimea baselines
indicates that|the source has an extended structure, and the pre-
sence of a dip in the visibility function for the Goldstone-Crimea
baseline at the time t =,2?4 indicates that the source has either
a double structure or a structure with a sharp brightness drop

at the edges, for example, a2 uniform elliptical disec. Plots are
presented in Figure 2b for the visibility function in the case of
an elliptical disc with uniform brightness whilch includes within
itself 89% (8.9 f.u.) of the flux of the entire source, with its
axes having the dimensgions 0".0014 x Q".0005 and with a position
angle of 60°. The brightness temperature is egual to 3-10%! ° K,
The remaining 11% (1.1 f.u.) of the flux is emitted by components
A and B, which are completely resclved at our baselines. The
interferometric investigation of this source at a frequency of
1665 MHz [4] has shown| that component B has dimensilons equal to
0".015, but at a frequency of 5000 MHz [4] dimensions of 0".0013
were obtailned for component C, which is in good agreement with

our results.

7. 3C345

The source 3C345 is a quasar which has a complex spectrum
(Figure 3) [15]. The dimensions of this component should, accor-
ding to this spectrum, be equal to BA = Q",14, by = 0".,005, and

8, = 0".0001, Approximately such dimensions for components A and

C
B were obtained in the interferometric investigations at frequen-

cies of 5000 MHz, 1665 MHz [16], and 400 MHz [17, 18].
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The presence of a rather large correlated component on the
Goldstone-Crimea and Green Bank-Crimea baselines and its signifi-
cant variation on the Goldstone-Green Bank smallest baseline
indicate that the source consists of two components with greatly
differing dimensions. The analysis has shown that best agreement
with the experimental points ocecurs in the case of a model con-
sisting of an elliptical disc with a Gaussian distribution having
dimensions for the axes of 0".0009 x 0".0002 (10.7 pe % 2.4 pe)
and a nucleus 0".0002 in diameter (2.4 pe). The major axis of
the ellipse is oriented along the U axis (position angle 90°)
(Figure 2c). Both components have approximately the identical
flux of 4.5 f.u. with T = 2.5+10' ° K and 1.5+10'? ° K for

the large and small components, respectively. The remaining 12%
(1.2 f.u.) of the flux pertains to the components resolved on
all three baselines, i.e., having dimensions > 0.004 (components
A and B).

The interferometric investlgations of this source at a
similar wavelength (A = 3.8 cm) [5] showed that it can be repre-
sented in the form of two models: (1) a double-point model with
a distance of 0".00086 between the components and (2) an ellipti- 720
cal disc with axial dimensions of 0".00095 x 0".,00045. The
position angle for both models is 103°. The visibility function
of the double-point model should have been a minimum on the Green
Bank-Crimea and Goldstone-Crimea baselines, which was not detected.
The second model is in better agreement with the results of this

paper.
8. 4¢39.25

The flux density of this source's radio emission increases
regularly at centimeter wavelengths, and only smooth flux vari-
ations with time are observed [7].
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A bend occurs in the spectrum (Figure 3) of this quasar at
a frequency of ~10 GHz, which corresponds to an angular size of
~0".0003. A disc model with a Gaussian brightness distribution
having a diameter of 0".0004 (5.6 pe) agrees rather well with the

experimental data (Figure 2d), and T, = 1.6910'% © K, A value

of Y. = 0.79 for the visibility function is derived in the refer-
ence [5] at a baseline value of 85+:10° A (A = 3.8 cm), which is
in good agreement with the present results. This component has
a size < 0".0004 at a wavelength of 6 cm [4].

9. 3C84

The flux density of this source (a Seyfert galaxy) increases
constantly, and at the end of 1970 an increase in the growth of
the flux was noted [7]. A1l of this indicates continual active)
processes occurring in the galaxy nucleus. The angular dimen-
sions of the compact components should in this respect be very
small. The source spectrum is complex (Figure 3) and consists
of three main features [19], corresponding to separate spatial
components. Components A and B have dimensions of 5' and 0".02
[16] and are completely resolved at all three baselines. The
observational results pertain in this respect to two components
C, which is assigned in [16] the shape of a disc with a diameter
of 0".0025. Best agreement with the experimental data is given
by a model consisting of an elliptical disc with a Gaussian
brightness distribution which contains 94% (40 f.u.) of the flux
and has| axial dimensions of 0".0021 x Q".001l1 (0.72 x 0.38 pec)
and a position angle of 17°, and of a component (& < 0".00025,
[3.2 light months]}), unresolved at all our baselines which
contains 6% (2.5 f.u.) of the entire flux (Figure 2e). The
brightness temperatures of| the extended component and the nucleus
are equal to 2.5-10'! ° K and 7:10%! ° K, respectively.
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10. 3C273

This quasar has a variable flux density at mlllimeter and
centimeter wavelengths [2, 7, 12]. The variation in its flux
density at three-centimeter wavelengths occurs in a number of
cases 1in the course of several months, which corresponds to an
unusually small angular size of the components on the order of
0".00005. During the period of our observations, no kind of
significant active variations were cbserved.

The source spectrum 1s complex and consists of several
components (Figure 3) [19]. The dimension of| the high~frequency
component D 1s equal to ~0".0001, in agreement with Equation (1).
This size pertains to some average active region, whose indivi-
dual components may have significantly smaller angular dimensions
and corresponds to the estimate derived above. Component C has
an angular size of ~0".0015.

Interferometric investigations at longer wavelengths have
shown that components B, C, and D have dimensions of 0".022,
0".002, and-<0",0004, respectively [4].

A model consisting of a disc whose dimensions are equal to
0".0025 (7.9 pe) and a flux of 22 f.u. and two compact compon-
ents having dimensions of <0".00025 situated inside the dise and
spaced 0".0015 (4.7 pe) apart give the most satisfactory agreement
with the results of this paper. The flux density of the radio
emission of each of these components amounts to 4.4 f.u. The
disc dimensions are in good agreement with the dimensions of
component C indicated above. The double-polnt structure evidently
pertains to component D. The brightness temperatures ofithe disc
and nucleus are equal to T, = 8+10'% and 1.5+1012 © K, prespec-

tively. Component B has two large dimensions and is resolved on

all three baselines.
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11. 3C1l20 .

Unusually powerful explosions occur methodlcally in this
Seyfert galaxy, as a result of which its flux density variles
abruptly. In particular, an increase in the flux occurred in thel
middle of 1970, after which it maintained a constant flux [7].
The spectrum of this object 1s complex and consists of several
features, some of which are in the millimeter and centimeter
wavelength region (Figure 3). A separation of the components
in this source was detected in February - November 1971 with a
speed exceeding the speed of 1light, namely, v/c¢c = 2 [20]. Also
Just as in [20], two models were consldered: a ring and a double
structure. The models of the compact component derived at a
different tlme are cited in Table 2 for comparison.

TABLE 2

Time February 2,.1971 | June 25, 1971 = November 3, 1971
[20] present | {20]
results [

Ring Diameter, 0.0014 0.0018 0.0025
seconds
of arc

Distance 0.001 0.0013 0.0017
between
compon-—
ents,
seconds
of arc

Pimensions <0.0005 0.0007 0.0013 "
of the
compon=
ents,
seconds
of arc

Position 95 85 85
angle,
degrees

Double structure
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The linear separation speed v of the components is related
to the distance to the source D, its red shift z and the observed
angular speed A40/4t by the followlng relationship [21, 22]

U‘f:;{c— ff Z/(;?#)z ( (2)

~
[\S]

where H = 75 (km/sec)*(Mpc) ! is Hubble's constant.

Substituting the data from Table 2 on the separation of the
components in the double structure into Equation (2), we find that
v =1.6 C and 2.1 C for the February-June and June-November time
intervals, respectively. Using Equation (2), the speeds with
which the dimensions of the components lncrease, according tol
the same Table 2, are equal to »1.2 C and 3.1 C for the same time
intervals, respectively. The fact of the excess of the observed
speed of separation of the components in some socurces has been
discussed in the references [5, 20]. The results of this paper
confirm the coneclusions [20] that the speed of expansion of the
components exceeds the speed of thelr separation. In addition,
one can remark that durlng February through November of 1971 an
accelerated separation and expansion of the components occurred
in the source 3Cl20.

~
n
=

|.

12, 3c274

The radio scurce 3C274 is the gigantic elliptical galaxy
M87, which contains a compact nucleus and an outburst in the
form of an elongated blob of material. The spectrum of this
radio source in the 10 - 5000 MHz region drops off and does not
contain any features, and its spectral index is a = 0.81 [23].
Possibly the spectrum of the nucleus is more complex, but its
relative contribution to the radio emission is small, and there-
fore 1t does not change the total spectrum of the source. The
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latter fact may appear to be the reason for the absence of any
kind of noticeable flux variatlons at centimeter wavelengths [7].
The radio interferometric investigations of the compact components
at wavelengths of 13 and 3.8 em [5, 24, 25, 26] have shown that
there is a component in the nucleus with a diameter of 0".0l1 ard

a smaller component with a diameter of 0".001. The flux density
of the radioc emission of the small component increases with a
reduction in the wavelength from 1 f.u. to 2 f.u. at wavelengths
of 13 and 3.8 e¢m, respectively.

If this riselin the spectrum of the compact component is
determined by reabsorption, the maximum should occur at a frequency
of ~5 GHz, and the maxlmum value of the flux corresponds to ~2 f.u.
In this case we find from Equation (1) that the size of the com-|
pact component should be equal to 0".0003. The value of the
correlated flux on the Green Bank-Goldstone baseline amounts to
1.7 f.u., and the component 1s completely resolved on the other
two baselines. Consequently, the compact component, which com-
pletely possesses the flux of 1.7 f.u., has a size of 0".001
(3.1 light months). This conclusion agrees well with that of
the reference [5]. A certain discrepancy of the size derived
with the slize obtalned above from the spectrum of the compact
component may be explained by a magnetic field stronger than
10" * ocersteds in the source.

\
3]

13. 3C1i4

In the central part of the Crab Nebula there is located a
compact source, namely, a pulsar. Interference fringes were not
detected on any one of the three baselines, from which it follows
that its flux is less than 0.8 f.u. or) the dimensions of the
compact source are larger than 0".003.
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Coneclusion

The results obtained indicate the presence in a number of
the radio sources of compact components whose angular dimensions
are less than 0".00025, i.e., less than the angular resolution
attained at a wavelength of 3.55 cm on a baseline of maximum
length under terrestrial conditions. Further increase in the
angular resolution is possible only by means of reducing the
wavelength or removing one of the elements of the interferometer
to outer space. An increase in the angular resolution has
fundamental significance in the investigation of the nature of
the radiation of compact components.

As the observational results show, the brightness temperatures
of the component whose angular dimensions exceed 0".001 are
10! - 10!2 © K, This radiation may be explained within the
framework of the synchrotron mechanism. At the same time, more
compact components have brightness temperatures exceeding 1012 o K,
which introduces definite difficulties in explaining their nature
[19]. In this respect, the dynamics of the components during the
Initial stages of the development 1s of special interest. To
this end, regular observations are required both on baselines of
the maximum length and also on intermediate baselilnes at a wide
range of centimeter wavelengths. This approach permits studying
the spectra of the components, their dimensions, the distances
between them, and their time variation.
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